Soil hydraulic parameters are often indispensable input in hydrological modeling. The required input parameters can be obtained by measuring soil texture, bulk density, organic matter content, soil water retention and hydraulic conductivity. To minimize soil measurements, information is needed on how well hydrologic models perform with varying levels of soil hydraulic parameters. The objective of this study is to determine which level of soil information would be sufficient to use with DRAINMOD in predicting subsurface drainage volumes. Three groups of parameters were obtained by various methods: 1) determining the soil texture and bulk density (BD) data from the Soil Survey Database, then inputting them into a pedotransfer function model (ROSETTA) to determine soil hydrauli c parameters (denoted as SP_1); 2) analyzing the soil texture and organic matter(OM) content in laboratory and deriving the BD, field capacity (? 33kPa ) and wilting point (? 1500kPa ) from literature, then inputting them into ROSETTA to determine soil hydraulic parameters (SP_2); and 3) calibrated soil hydraulic parameters based on initial inputs from the Soil Survey Database plus ROSETTA (SP_3). Parameters obtained from these three methods were used with DRAINMOD under the same weather, crop and soil conditions for 14 consecutive years at the subsurface drainage plots located in Pocahontas County, IA. Predicted subsurface drainage based on those three levels of soil hydraulic parameter inputs were compared to the observed ones through four statistical measures: Root Mean Square Error (RMSE), Co-efficient of Mass Residual (CRM), Index of Agreement (IoA) and Model Efficiency (EF). The statistical results indicated that output from SP_3 had the best fit with respect to observed values during the calibration period (1990)(1991)(1992)(1993) and that from SP_2 has the best fit when considering all 14 years. However, all methods provided reliable estimates of subsurface drainage. ROSETTA in combination with Soil Survey offers a quick and easy way to derive the soil hydraulic parameters, which were found reliable for DRAINMOD simulations to predict long-term subsurface drainage volumes for the site studied. Abstract. Soil hydraulic parameters are often indispensable input in hydrological modeling. The required input parameters can be obtained by measuring soil texture, bulk density, organic matter content, soil water retention and hydraulic conductivity. To minimize soil measurements, information is needed on how well hydrologic models perform with varying levels of soil hydraulic parameters. The objective of this study is to determine which level of soil information would be sufficient to use with DRAINMOD in predicting subsurface drainage volumes. Three groups of parameters were obtained by various methods: 1) determining the soil texture and bulk density (BD) data from the Soil Survey Database, then inputting them into a pedotransfer function model (ROSETTA) to determine soil hydraulic parameters (denoted as SP_1); 2) analyzing the soil texture and organic matter(OM) content in laboratory and deriving the BD, field capacity (θ 33kPa ) and wilting point (θ 1500kPa ) from literature, then inputting them into ROSETTA to determine soil hydraulic parameters (SP_2); and 3) calibrated soil hydraulic parameters based on initial inputs from the Soil Survey Database plus ROSETTA (SP_3). Parameters obtained from these three methods were used with DRAINMOD
Introduction
Soil hydraulic parameters are required for running hydrological models. However, it is timeconsuming and costly to obtain detailed soil hydraulic parameters in most cases. An alternative way to get these parameters is to use pedotransfer functions (PTFs). Based on artificial neural networks, ROSETTA (Schaap et al., 2001 ) conducts PTFs to derive van Genuchten soil hydraulic parameters from soil textural data only, combining them with bulk density, or combining soil textural data, bulk density with water content at one or two pressure points (33kPa or 1500kPa).
Van Genuchten soil hydraulic parameters for hydrological modeling could be obtained at different levels when using ROSETTA. One is to find the soil name, the textural data and bulk density in the maps and tables included in a Soil Survey, then input them into ROSETTA. Another method is to analyze the particle size in the laboratory as well as organic matter content, then to calculate the bulk density and extrapolate θ 33kPa , θ 1500kPa by the formula and triangles offered by Rawls (1983) and Rawls and Brakensiek (1983) , and input these information into ROSETTA. ROSETTA can use these two levels of information as raw materials and output the van Genuchten soil hydraulic parameters for each data set. Besides those two methods, calibrating the model using non-linear parameter estimation software (PEST) to optimize the initial input hydraulic parameters could be considered as the third level to obtain reliable van Genuchten parameters.
DRAINMOD (Skaggs, 1980) , which has been widely applied to modeling the hydrological process of subsurface drainage in the areas with relative high water table, includes the output of ROSETTA as an input of soil hydraulic information. The objective of this study is to determine which level of soil information would be sufficient to use with DRAINMOD in predicting subsurface drainage volume.
Materials and Methods

Research Site and Soil Textural Data Preparation
The field experimental plots were located near Gilmore City, in Pocahontas County, IA. Drain tiles have been laid at a depth of 1.06 m with a spacing of 7.6 m. The flow rate of each plot has been monitored since 1989 consecutively. The detailed design of subsurface drainage system was described in Helmers et al. (2005) and Singh et al. (2006) . The monitoring period was from approximated April to November in each of the years.
Webster soil was used in this study. From Iowa Soil Properties And Interpretations Database (ISPAID, Version 7.1, 2004) , sand and clay content of Webster soil was determined from the columns of sandcontsm and claysurmid, which refer to Sand Content (Surface) Midpoint and Clay Content (Surface) Midpoint respectively. Soil samples were extracted in Webster soil plots at 3 depths for 4 locations: 12.5, 40 and 70cm. Because the distance from soil surface to impermeable layer was assumed to 390 cm, these 3 depth points divide the soil into 3 hypothetical layers: 0-25, 25-50 and 50-390 cm. The soil particle size and organic matter content was analyzed and averaged over 4 locations for each depth.
Soil Hydraulic Parameters
Three different methods were used in preparing the soil hydraulic parameters for DRAINMOD as shown in Table 1 : 1) determining the soil texture and bulk density(BD) data from the Soil Survey Database, then inputting them into a pedotransfer model(ROSETTA) to determine soil hydraulic properties (SP_1); 2)analyzing the soil texture and organic matter(OM) content in laboratory, calculating the BD through the formula offered by Rawls (1983) and extrapolating θ 33kpa , and θ 1500kpa from the triangle offered by Rawls and Brakensiek (1983) , then inputting them into (SP_2); and 3)model calibration with PEST to optimize the soil hydraulic parameters from SP_1 using observed monthly drainage volume from 1990 to 1993 (SP_3). Initial soil hydraulic parameters from Rosetta output based on SP_1, then optimized by PEST using observed outflow from 1990 to 1993.
Description
In SP_2, the bulk density of the 3 hypothetical layers of soil was calculated by Equation 1 (Rawls, 1983) :
where B ρ is the bulk density of the soil, g/cm 3 ; OM ρ is the density of organic matter, g/cm 3 . 0.22 g/cm 3 is typically used; M ρ is the bulk density of mineral, which can be determined by the soil textural data with the triangle presented in Rawls (1983) ;
%OM is the percentage of organic matter, %.
The soil water contents at 33 kPa and 1500 kPa were estimated by soil textural data with the 2 triangles offered by Rawls and Brakensiek (1983) .
Input Data for DRAINMOD
DRAINMOD inputs are aggregated into 4 groups: soil, weather, crops and drainage design. Daily rainfall, minimum and maximum temperature were collected during the 14 years from 1990 to 2003. In this paper, continuous corn plots in Webster soil were selected to run the DRAINMOD. The detailed description of weather, crop, drainage system design and monthly ET factors is included in Singh et al (2006) . DRAINMOD was run 3 times with soil hydraulic parameters derived from the 3 levels of method and the same weather, crops and drainage design information. Daily, monthly and yearly subsurface drainage volumes were collected from DRAINMOD output files.
Statistical Measures
Four statistical measures were used to evaluate the performance of DRAINMOD when predicting subsurface drainage using the 3 soil parameters set (SP_1, SP_2 and SP_3).
Root Mean Square Error,
Coefficient of Mass Residual,
where N is the total number of the observations, O i is the observed value of the ith observation, P i is the predicted value of the ith observation, and O is the mean of the observed values (i =1 to N). The predicted data fit observed the best when RMSE, CRM, IoA and EF approach to 0, 0, 1 and 1 respectively. Besides these four statistical measures, the predicted drainage volumes were compared with observed data through graphing.
Results and Discussion
Soil Hydraulic Parameters
The Webster soil textural data, bulk density and soil water contents at 2 pressure points are shown in the upper part of Table 2 . Since the ISPAID 7.1 only offers the data for the surface soil, the silt and clay content are higher than those obtained from laboratory analysis. However, the bulk density 1.42 g cm -3 found in ISPAID is higher than those calculated from Equation (1).
Sand content SP_1 is 20% while it is 38%, 33% and 44% in the top, middle and bottom layer of Webster soil from laboratorial analysis. In SP_2, the soil in the bottom layer retained higher volumetric soil water content at the two pressure points.
The soil hydraulic parameters for van Genuchten Equation derived from soil parameter input SP_1 and SP_2 by ROSETTA were included in the middle part of Table 1 . The difference of these parameters is small except for the saturated hydraulic conductivity and lateral saturated hydraulic conductivity (K sat and LK sat ). The K sat in SP_1 is much lower than those in SP_2, which were consistent with bulk density and sand content.
Included in the bottom of Table 1 , denoted as Calibration Output SP_3, are the optimized soil hydraulic parameters. After the optimization, K sat , LK sat and α increased to the extent of 1.5 to 2 times while other parameters kept unchanged. 
Annual Drainage Prediction
Yearly observed and predicted subsurface drainage volume and the statistical measures are included in Table 3 . The total predicted drainage in the 14 years with SP_1, SP_2 and SP_3 were 174.5, 176.2, and 182.8 cm and the total observed drainage volume in Webster soil plots was 179.6 cm. The predicted drainage with parameters from all the 3 levels of method fitted well with the observed data, and the statistical measures showed little difference. In the years of 1991, 1995, 1997, 1999 and 2001 , the drainage flow was over-predicted while it was underpredicted in the years of 1990, 1992, 1996, 1998 and 2002 with any soil parameter set. The predicted flow in SP_3 is higher than SP_1, SP_2 and the observed in general. Although the drainage flow was underestimated by DRAINMOD with SP_1 and SP_2, there is little difference among the 4 statistical measures in the 3 parameter sets. However, it can be concluded that DRAINMOD performed better with data set SP_2 than it did with other sets from the ranking of the statistical measures over the entire 14-year record. 
Monthly Drainage Prediction
Statistical measures, based on the monthly predicted and observed drainage during the drainage season, and their ranks are summarized in Table 4 . The difference of each statistical measure is small. The calibrated hydraulic parameters (SP_3) performed the best among all three levels of soil parameter sets in predicting drainage volume from 1990 to 1993, since the observed data in these 4 years were used for calibration of SP_3. It was indicated that PEST optimized the hydraulic parameters and gave the best output. However, in the randomly selected validation years of 1994, 1996, 2001, 2002 and 2003 , the overall statistical measures for SP_1 and SP_2 were better than those for SP_3 .
Although the differences were small among statistical measures for monthly drainage with the 3 sets of soil information, soil parameter set SP_2 performed slightly better than either SP_1 or SP_3 because of its higher stability. In SP_1, five RMSE values in the years of 1990, 1993, 1996, 2001 and 2003 are greater than 2, and three RMSE in the years of 1991, 1994 and 2002 are less than 1; while in SP_2, only three RMSE are greater than 2 and two are less than 1.
The observed and predicted monthly drainage flow in the years of 1991, 1993, 1998 and 2001 are plotted in Figure 1 . In 1991 and 1998, the predicted drainage with 3 parameter sets had little difference. In 1991 and 2001, the drainage volume was overestimated. In the wet year 1993, DRAINMOD performs the best with SP_2 in predicting monthly flow. The predicted drainage with SP_3 was consistently higher than that with SP_2 or SP_1 in the year of 1993 and 2001 with a ranking order of drainage prediction of SP_3>SP_2>SP_1. 
Daily Cumulative Drainage Prediction
An identical ranking order of predicted drainage volume with SP_3 > SP_2 > SP_1 is shown by the daily cumulative drainage volume in Figure 2 . Of noted is that the cumulative drainage shown in Figure 2 is greater than the comparison of observed and predicted drainage included in Table 3 since the values in Table 3 are just comparing the drainage volumes over the period of measurement each year which again was for approximately April to November each year. 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 Cumulative Drainage ( 
Year
Conclusion and Summary
The objective of this study was to determine which level of soil parameter set is sufficient to run the hydrological computer model, DRAINMOD, in predicting the subsurface drainage volume under the same other conditions. Three levels of Webster soil parameter set were prepared via a pedotransfer function model (ROSETTA) for running DRAINMOD. After the predicted value had been compared with the observed drainage through the statistical measures and graphs, all the 3 levels of data set are proved to be sufficient to run the model. The difference between the drainage outputs is small. It is indicated that ROSETTA in combination with Soil Survey offers a quick and easy way to derive the soil hydraulic parameters.
The results also showed that the combination of field soil textural measurements plus ROSETTA (SP_2) performed the best in yearly, monthly and daily drainage volume prediction though the drainage output differences between SP_2 and two other methods, soil data from soil survey plus ROSETTA (SP_1) and model calibration (SP_3), are small. DRAINMOD showed a higher stability of statistical measures in predicting drainage with soil hydraulic parameters SP_2 than it did with SP_1 or SP_3. SP_2 included more accurate soil textural information, so it achieved a better output than SP_1 did. Even though the soil hydraulic parameters in SP_1 were calibrated by mathematical optimization for obtaining parameters for SP_3, this method (SP_3) did not perform better than the other two methods (SP_1 and SP_2) during the validation years. The procedure of comparing measured and simulated drainage for different levels of soil input information should be performed at other sites to evaluate the level of input soil information that is required to produce reliable predictions of drainage volume. This would be important for having confidence in using this drainage model for sites where sitespecific soil properties may not be available.
